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FOREWORD

This document is the final report of work performed on Tele-

communication by the WDL Division of the Philco Corporation during the

Comet and Close-Approach Asteroid Mission Study for the Jet Propulsion

Laboratory under Contract JPL 950870. The report covers work performed

during the period 2 July 1964 to 2 January 1965.
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The rlmar ob _ctlve of ths

p " y j- " i study was to provide a communication I

system design_ that would satisfy the needs of several comet and close-

approach"asteroid mission. In doing this it was intended that the _\

system be as reliable as possible. With this in mind Mariner-C communi- \

cation hardware was considered first for use on this mission. Several of_

the components can be used just as they are, e.g. the transponder and

command detector. New equipment consists of 25-watt amplifiers, the televlsior

optical system, processing equipment for the scientific instrumentation,

the tape recorder and the low wise-figure pre-amplifier. The rest of the

equipment consists of modified Hariner-C hardware. The recommended system

is described in Section 2.

.In arriving at this system design, these analyses were performed. A

mathematical analysis, presented in Appendix 9, was performed to define

the transmitter power-antenna gain requirements versus range and data

rate. These capabilities were then compared to the data transmission and

data collection requirements for a typical comet Drobe scientific package

_d command system (Sections 3 and 4). Adding to this the antenna

coverage requirements (discussed in Section 5) lead to a complete

definition of the communication system. Based on these requirements, an

evaluation was performed of the best system implementation. The result

is the recommended system.

/
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SECTION 1

OBJECTIVES AND REQUIREMENTS

I. I GENERAL CONSTRAINTS

In arriving at an optimum system, the selection of configurations and

hardware must be guided by an evaluation of the effects of this

selection upon the total spacecraft design. The system must be designed

wlth a capacity or growth potential for transmitting and receivin_ data

on missions to several comets of interest and to selected close-approach

asteroids during 1967-1975.

The spacecraft operates with the DSlF as described for the years

1964-1968 [JPL, 1964]. The availability of the 210-foot dish at stations

other than Goldstone is uncertain; hence the 210-foot is assumed to exist

only at Goldstone. It is desirable to utilize as much flight-proven,

reliable hardware as possible; thus capabilities of Mar_ner-C hardware

are considered.

1.2 SYSTEM REQUIREMENTS

In addition tc these general constraints, the basic requirements of the

telecommunication system are as follows:

a. A telemetry subsystem to store and transmit all information

gathered throughout the flight.

b. A command subsystem to initiate events, to backup the CC&S-

initiated commands, and to adjust the automatic on-board

sequencing of mission events.

c. A ranging subsystem to establish the spacecraft trajectory

and to correlate collected data with the spacecraft's

coordinates in space.

I-I
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SECq I{kN 2

T ELECOb_!I%_ _(7..".1'70>i :)'"_;__ T,J-"

2 . l OVEI.,ALL SYSTE,'q

TI,e rococo.haled svste:, {s desc_ bed _ _ ,.. bloc : :7 _;, .v

F'g,,re 2-1 PN s.'nc:;_,miz'nF rechn:q,ms w:,'. P'.-."' ,,_ _. : io:t

to maximize the t.9. t:_.', _r:,,_,,nt _,f proven h,_r2:,at< -;_. :, ,.

efficient mo, luIntion tec'.miq_:e. r._ble 2-! bel.,w _s .-', ,, .. 1

ma{or hardware indicat:{ng which is Mari_:er eqa pi,u'nt .::l<', w_

for a m[n{mum-mod]f!catton sgste_n,

Switching {s provided [or th,, te]emetrv 'c._n.*'r. ttr,' , , _ ,

eith_', the !:igh-_,ain ,_ntenn_ or t}.,. :<:,hi i"_,., -,,_ ....

drives the qntenna ;n all cases. Th:s 7"n_::-izv_s ,.,, , : ,_e I,:,-:_

for the hizh-gntn antenna by ut ilizing tbe v;:.{(. , .", i..,

the omnJ dutch, ti_e near-earth n,rti,m ,>f {},, ;! _:"-_

at i:oti_ 1, <._.tts _n(! 25 watts ;r{' i,Ad;{ L, :. ! .....

dOl]£!Dt]5 d_r] '.}'C .;]]e!,_{ _[I rJlni,.u req:_:r_ <} .lit > ! :.., <, : : ,.

mi fs] (m an..: on d:e ,]::t::_ rate re0u :-o', ::[_,

{n t,t'e ,,'.'e:_!] s"sl,.::: _S cov:p.',re.J "to t ,- !i _ _n: r-.: :_ ': • _]_. •

amp[if[ ,r 1;at, {con i:ls.7'rtc t l'rl::i t,) t.m [l,iihS i, _ ,

of .:"m_m_nd signals via t!_e }ign-g_u antcn:_a _ c._t -- .!_,

,_re-amp] _fj_ provides .-_ decrease in s'.'st,.: "_ _t:)ise .... . : ,,, •

7 db which ne_rd's _deeuate recepti._n out to ,_, v_n_',. _ C_ i;,

million m_]es (16- to 323 _:_.ilI{on krq). This .- s_,:: ._ n: _,' sq: .:,'

all missions and eliminates the need fo'. sw",c? :_,/ ',, ! , b!v_,.- _ :,

antennl :_.t t['.e_ ,.xtrcm-e rmges. The s,,._t...- s _,s 4 i , I_ , :,r r,,i

_t ,q :,)st of only I p._und a_,d _r, ;,a_;: .." " _ '',. _,-.t , -, '..-e: :

pre-a>p!{;ier.
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Table 2-1 Communication Hardware for Minimum-Modlflcation System

COMPONENT SOURCE

Transponder

lO-watt Power Amplifier

25-watt Power Amplifier

4-foot Antenna

6-foot Antenna

Ranging Module
e

Command Detector

Command Decoder

Data Encoding and Storage

Tape Recorder

Pre-Amp lifier

Omni Antenna

Computer Sequencer Programmer

Mariner

Mar incr

New: Raytheon-Amp i it ton

Watkin:_-Joh_Is_, - rwT

Modified t_qr!ner

New: Hexc e I- Honeyc,_mb

New

M_r iner

M,_dified M,_rir,er

Modified Marin_,r and N(.,' i..q,:'cn

Equipment

Poss ib ly _riner

New

Modified _-i: lacr

Modified M;_rir'_.r

pl-I I LCO.
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Table 2-2 Communication System Hardware Characteristics

TEMP.

LIMITS

(°c)

. i0°

+75 °

0°

+50 °

0°

+50 °

+65 °

+65 °

_ i0°

+75 °

- 10°

+75 °

. I0°

+75 °

_ i0°

+75 °

.200

+50 °

_i0°

+75 °

.i0°

+75 °

COMPONENT

Transponder

lO-Watt Power Amp.

25-Watt Power Amp.

4-Foot Antenna

6-Foot Antenna

Ranging Module

Command Decoder

Command Detector

Data Encoding &

Storage, Data
Processing

Tape Recorder

Pre-A_ lifier

Omni Antenna

TR Units

WEIGHT POWER

POUNDS WATTS

ii 15.0

i0 40

15 65 to

I00

7

i0

6 3

4 3

4 2

25 15

8 7

i 0.05

4

i0 16

VOLUME

CU. IN.

575

180

300

90

90

3O0

20

SOURCE

Phi ico

JPL - Cavity

Hughes- TWT

Raytheon-Amp ii t ron
orWJ - TWT

Hexcel-Honeycomb

Hexcel-Honeycomb

Philco

Philco

Ph i lco

Raymond Engineering
Laboratories

Microstate

Philco

PH I LCO

* 2 Units 2-4

WDL DIVISION

i_-_"



4

WDL- TR2366

2.2 MICROELECTRONICS AND PACKAGING

Assuming a minimum of modification is desired, the units used for the

receiver, exciter, command detector, ranginR module, power distribution

system and telemetry subsystem building blocks are those of the Mariner.

This, however, may not be the optimum system since it does not take

advantage of mlcro-element components and the better packaging techniques

now available. Whereas Mariner-C hardware is welded cordwood construction

the state-of-the-art in micro-element logic is such that all of the

digital circuitry and a good portion of the analog circuitry can be

converted to micro-elements presently on the market. Table 2-2 presents

a tabulation of hardware characteristics.

A high percentage of the circuitry in the command detector can be

digital. Only the filter circuitry, some amplifiers, and some of the

chopper circuitry are not convertible immediately to off-the-shelf

micro-element circuits. The ssvln_s in weight of the unit is estimated

cqnservatlvely to be 35%, the cost of the detector will be cheaper and

the intrinsic mean-time-to-failure of the unit will be improved. These

estimates are based on Philco WDL experience in buildinR micro-element

systems and also on the results of an in-house study effort consisting

of a thorough evaluation of mlcro-elements on the market in terms of

electrical operating characteristics, packaging techniques, and the

size, weight, and cost of discrete component circuits.

An example of improved packaglnR techniques now available is the S-band

transponder that Ph_Ico WDL has been producing for JPL. The original

JPL S-band unit has been redesigned in an attempt to minimize size

and weiRht. The final design has identical electrical charactertist_cs

but has been reduced by more than 50% in s_ze and weight. A detailed

2-3
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application of microelectronics to the Comet Probe telecomminication

system is presented in Section 6. The results of the in-house study

effort mentioned above are outlined in Appendix B.

2.3 ANTENNAS

The antennas recommended for use on the Comet Probe are similar to those

used on Mariner-C and built for JPL by WDL. The omni-directional

antenna should be modified• The omni provides adequate but not optimum

performance; with a few minor changes its performance can be improved.

The recommended design changes not only will make the antenna a better-

performance unit but a simpler and cheaper unit as well. The basic

Mariner-C omni antenna design was selected not because the unit is

available, but because it is well-suited to provide the wlde-angle

coverage required with a simple structure.

The hlgh-gain antenna to be used depends on the comet selected on the

intercept range, and on the probe's angular distance above the ecliptic

plane. This angular deviation is important during those phases of the

mission that depend on the hi_h-gain antenna for telemetry transmission.

If the probe remains in the ecliptic plane throughout its flight, a

pencil-beam antenna has to be repositioned only in one plane, i.e.,

the ecliptic plane. On the other hand, if the probe travels out of the

ecliptic plane, a pencil beam has to be repositioned not only with an

angular motion parallel to the ecliptic plane but perpendicular to it

as well. The use of a fan-shaped beam reduces the antenna pointing

requirements, since now the receiver can move an angular distance equal

to the width of the fan beam before the antenna has to be repositioned.

These considerations are discussed in Section 5 and the pointing

requirements for several of the comets are shown in detail for the

entire mission.

2-6
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SECTION 3

CO_4AND SUBSYSTEM

3.1 SUBSYSTEM REQUIREMENTS

PCM/PSK/PM modulation with PN code synchronization is recommended for

the command system. The single-channel system conceived by JPL and

illustrated in Figure 3-1 has been shown mathematically to be the most

efficient system of the types that have been implemented. The commands

required on comet missions are comparable in number and t',pe to those

required for the Mariner Mars spacecraft. The number of commands is

somewhat larger because of two midcourse corrections and encounter

comet acquisition, verification, and tracking functions. These functions

make the command system a necessity rather than a backup system during

the encounter.

In Appendix A an analysis of link capability and power requirement is

performed. These calculations assume fixed system parameters. However

they can be used as a basis for calculating actual system capabilities.

As the antenna gain varies in time due to the continuously changing

orientation of the spacecraft with respect to the earth, the system

cpaabilitZ changes. Taking this into account, the power requirements

for the command llnk have been calculated and are presented in Figures

3-2 to 3-5. The assumptions for these curves are the use of the DSIF

85-foot dish, the response of the Mariner-C omni antenna, a l-bps

transmission rate, and a 4-db noise figure pre-amplifier in the space-
0

craft receiving system.

3.2 COMMAND CAPABILITY

Table 3-1 below includes a tabulation of the power requirement and system

capability of the command link at intercept and at 30 days after intercept.

3-1
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All command systems are capable of good operation with _it least sev_,_,a_

db margin at the extreme range and the 50 dhw capat_iiitv is :l,_t recT_ _,red

as it is for the Mariner-C. If for any reason the recomTncnde(l ,_re-

amplifier is not used, the ground transmitter power reqt_iremer, ts v,.':!]

exceed 40 dbw in most cases. Should tile 50 dbw capability _e _ ,'_:,,_,,.!,c.-

meat, the mission will depend on Goldstone, assuming that the 1(l');:',,e

transmitter will not be _nstalled elsewhere.

TABLE 3-i COMMAND CAPABILITY AT ENCOL_NTEI_

Pons-

Link Power Winnecke Kopff Brooks(2) T_meel r2)

Intercept 30 dbw 37.5 37 2_ 7'

Intercept 32.5 dbw 38 38 ]2 "

+30 days

PH I LCO.,

3-7
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SECTION 4

TELEMETRY SUBS YST_M

4.1 SUBSYSTEM REQUIREMENTS

The telemetry system utilizes PN-PSK/I_I, as was recomanended for the

command link. In this case a complete unit cannot be rec _mended s i:, e

the system depends on the specific experiments to be fl,_wn ,;nd t'__.r

relative sample rates. The building blocks, however ,an be thc_so

used on the Mariner-C spacecraft interconnected in a sl i_,btlv different

manner to accommodate the requirements pecu! :at t_ _ cem,,t ;_r;)i_,e

4.1.1 Power RecLui remen ts

Assuming }_ariner-C modulat|on techniques, a determination h:_.s h_en ::_de

of the system power requirements and transr_itted d;_t.} rate. In '_,in!.

so the analysis presented in Appendix A has been used as ;_ start _'_

point; then the antenna gain variat_,n w,;th t_m, _ was -_dd#d The i,.,._.-

t_oning of the antennas and the calculation of the _air_ variation

_s discussed in Section 5. Figures 4-I 4-2. 4-5 and z_-4 ;:lust: _ r'

the carrier power requirements for the four T_ost promis:,_£ mis._:i_n'..;

The assumptions made in these calculations are use of the DSTF _:5-_,'_

dish, use of the Mariner-C high-gain antenna, use of the m-_scr :_re-

amplifier at the receiving stat!on, a 12-cps loop noise _a_'.dwidli_ wt},

a required 6-db S/N ratio, and a 2-db link margin. ]Tab]e a-I below

tabulutes the power requirements and data capability of the te}e_,t_v

link at and 30 days after intercept. For the data rate calr_,lat!ons

the additional assum0t_on is made of a co,_stm:t 7-dh_ modul_'_t'; on no_,er

being trsnsmi tted.
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TABLE 4-I Telemetry Po_er Rcquirc_r_(,nts _nd f,at,; R_te

Capability at F_counter

Come t

Mission

POIIS -

Kopff

(lqTO)

Brooks (2)

(i_73)

Tempel (2)

T/M at Intercept

t *
'AP t (dbw) R b

-4 19 db

6.5

+6

-7.5

8. L d h

7 bps

9 db

8 bps

27.5 db

560 bps

............................... 1 I

• ,-, at I:_tercen,_ i I

I
b 1

.... -: ....... :-:::7-:_--- - -_7:: :v= ::: -:_------- -- -x::.-- 1
& /

/
I5 c]_.' i ]' _ .,,:,s_itE__r

I 5 bps

1
I
I

46 9 db

S bps

_:"_ t' ' :-,"!S. m: [ : CF

vide oper.t;,: a

compar:_b _,e to

[0 w tr,_nsmitt_r

prov i,qes Mnr iner-(

I capab:'] ity

23 db ! I(I w trans;,_i ttc,r
I

200 bps | prc, vides ,n excel

Jlent sv s t,t;_:

R b based on 7 dbw modulation power

4.1.2 Data Requirements

An estimate has been made of required engineering te _r:et_v daLa nnd :,,,

tabulated in Table A-2. A simi]ar tabulation of scientifi,- te]e_t"etrv

data during cruise and intercept is given _n Table 4-3. From these data

requirements, the storage capacity needed during interceot ard the t_e

needed for playback after intercept can be de_erm_ined as follo_;s. The

relative speed between the spacecraft and c_)met at intercept is ,_f the

order of I0 km/sec. Beginning inter:ept at 106 km away from the point of

%

closest approach defines the intercept ,_eriod ;_s being 2 x I') _ seconds

long, or 53.3 hours. Table 4-3 shows that for science e×cept TV, about

 1--I I LCO,

4-6
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Table "-2 Eng_,ineeri:_ TeL. ,,_.' ,_:_ti

IX)CATION NO. ACCDIiACY RATE

Therma i Subsyst.em

Heat Shield 4 57_, 6 bits

Antenna 4 5%, 6 bits

Insulation Surface 8 5%, 6 bits

Thermal Control Surface I0 5%, 6 bits

Internal Equipment 5 5%, 6 bits

External Equipment 5 r_, g bits
JIe_ •

Isotope 4 <_ 6 bits
Jlo

Active Temperature Control 8 T?,, b b_t,_

2/day

2/d:_v

2 ..'._y

2,'day

21day

2 idly

! !wPek

i

Scientific Instruments

Voltages I0 5%, b bt_: ! ' d,-ly

Con_nunicat ion Subsystem

AOC Voltage 3 5%, 6 b:t-

Com_aa nd Detector

Lock Indicator 1 ! b_t

l_ng ing l_odu le

Phase Error i 5%, 6 bits

Transponder Loop

Phase Error i 5%, 5 bi!:s

Command Loop

Phase Error 1 ..,=_",,,, 6 h-t.s

Ranging Module

Lock Indicator I i bit

Ranging Module

AGC Indicator I ! bit

_ .'L_i._ sis

1/3' ._ s"s

i ",," _/s

I I'_'-' sis

During mldcourse maneuvers th( rat_ of theso me_,£urem¢r.t._ _

] sample per 5 minutes.

4-7
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LOCATION

Structures and Mechanisms

NO. AccLrRACY RAT_

Squibb Firings

Deployment s

Antenna Hinge Angles

II

5

2

event, 1 bit

event, I bit

I

6 bits

1/30 sis

1/30 s/s

1/30 sis

Photovoltaic Power S/S

Solar Panel Temperature

Front

Back

Panel Voltage

Panel Current

a

4

4

4

5%, 6 bits

5%, 6 bits

5%, 6 bits

5%, 6 bits

2/day

2/day

2 �clay

2/,Jay

Isotopic Power Subsystem

Output (V, I)

Temperatures

5%, 6 bits

5%, 6 bits 2/'-ta y

Power Distribution

Power Inverter Output

Transformer Rectifier

Outputs

Battery Charger

Battery Power Output

12

2

2

5%, 6 bits

5%, 6 bits

5%, 6 bits

5%, 6 bits

2 ,/!ay

2 r/day

2 / '-I._ y

2/"clay

Guidance & Control SIS

Pressures

Temperatures

Events

Vane Angles

4

2

4

2

4-8

5%, 6 bits

5%, 6 bits

I bit

5%, 6 bits

2�day

2/day

2!day

2/day

i
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Table 4-3 Scientific Telemetry Data

Experiment Intercept

8-1/3, 33- I/3

5

45

5

45

5

1

150

1

33-1/3

Magnetometer

Dust Detector

Plasma Probe

Ionization Chamber

Planar Trap

Gieger-Mueller Tube

Bistatic Radar

Ion Mass Spectrometer

UV Photometer

UV Spectrometer

TV i0 pictures during a 28-hour

period (i picture = 1.28 x 1G 6

bits)

2.0

0.2

0.8

0.2

0.2

0,2

0.1

Total Bit Rate Required: 298-2/3

Plus TV

323-2/3 3.7 _';_s

Plus TV

..............................

4-9
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a 300-bps transmission rate is required of the telemetry subsystem.

This represents 6 x 107 bits for the entire intercept period, if it

is further assumed that 20 TV pictures (I0 pictures with two color

f;iters) are adequate for the mission, a total of 6.3 x 1 °7,, b_ ts of

data are accumulated during each encounter. Finally, it is assumed chat

this data is to be played back twice to the DSIF. This establishes a

6.3 x 107 bit requirements on the intercept data storage and 1.3 x 108

hits to be played back during the post-intercept oeriod. For a st(_rage

device of this capacity the only reasonable device is a tape recorder

of the type being developed for Mariner '69 '71.

4.2 TELEMETRY CAPABILITY

Figures 4-5, 4-6, 4-7, and 4-8 illustrate data rate capbilit_, w_rsus

_eocentric range based on a 10-watt transmitter. Using the infor-mat!on

found in Figures 4-5, 4-6, 4-7 and 4-8 plots have been made af the t_tal

data transmission capability versus days of transmissi_,n time for miss:ons

to Pons-Winnecke, Kopff and Brooks (2) and Tempel (2). It is ass_r, ed

that the bit rate is constant and equal to the b't rate capabi! ;iv :_f

the final day of transmission. The curves plotted ate based on tho .1:..;..

rates at 30 days after intercept and are presented in Fig_res 4-q _.-I__,

and 4-11. Table 4-4 summarizes this information. Th;s inf_r_nation can

be interpreted in three different ways:

I. The time required to transmit a given number ;_f bits with a

given system.

2. The total number of bits that can be transraitted in a given

time with a given system.

3. The system required to transmit a _iven number of bits in a

given time.

PH I LCQ'
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.......... b

d

• ._L2_t._
e

DSIF

Antenna

Vehicle

Antenna

Vehicle

Power

85 ft 4' ellipse I0 w

85 ft A' ellipse 25 w

85 ft 4' parabola I0 w

1--q

" i " I i' 210 ft 4' ell_pse

• I !,Ellipse boresight set to 55°angle

85 ft 4' parabola 25 w

I0 w

- • a

" . ........ 8.6 x 10 t Bits

....... _ J

..... Transmission Time (Days) I

" ' ................ L.... I ' " [ .i.i ...... 1
.... ] .... Fig. 419 - Total Encounter Data Recoverablo for Pons-Winnecke'
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',':[) l, - "1_'2 3 ;; _,

a 85 ft 4' ellipse I0 w

b 85 ft 4' ellipse 25 w

c 85 ft 4' parabola I0 w

d 85 ft 4' parabola 25 w

e 210 ft 4' ellipse I0 w

Ellipse boresight set to 26 °

angle at encounter plus 30 days.

! i
..... . , . , ........ . , , .

.......... I ........ [i-

_8.6 x 10 7 Bits ....

i ....

C

..... FiE, 4-10 Total Encounter Data Recoverable for Brooks (2)
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i" I''' - Transmission Time (Days) ........ [

1 , Fig 4-II Total Encounter Data Recoverable for Kopff
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Table 4-4 Comparison of Intercept Data Transmission Capabilities

Mission

Pons-Winnecke

Boresight at

55 ° Cone Angle

System

Transmissi(

Time in Days for

8.6 x 107 blt_ (days)

Kopff

d

e

Transmitted bits x 107

for 30 days transmission

7S

Boresight at

27 ° Cone Angle

14 I 15.5

6 t 31

2.5

2 93

2.3

Brooks (2)

Boresight at

26 ° Cone Angle

5.8

4.5
............. i

11.4

b

C

d 22.5

..................271-
5.2

z4.5

II .4

......................... _ ...............................

e 16.5 14. J I

a

b

u___% .............. : _
d 22

e 19.7 13.l

System

d

DSIF

Antenna

85 foot

S/C S/C [ Ant eu,._,_

Anten] I Power I Pointin_

l rc,q_ired
i

4' ellipse 25w I 2 antenna positions
required

4' parab, 10w i co.utinuous posi_ion-
, ing requi_ed

4' parabola ....25-w-] continuous poslt'_otl-

................. ing required

4' ellipse low i 2 positions requ1_-ec.
u_____

85 foot

85 foot

85 foot

210 foot

IPH I LCQ'
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The maximum transmission time considered is ]0 d_vs. This is ,_,_ _.c._,__se

in required spacecraft lifetime bevond interce_jt _-,f 2C,_ 7oi }-_n_ _-

Winnecke, 14% for Brooks (2), and 10% for _opff. _LJr[:tier !ncrP_3e_B _

transmission times will produce smaller increases ir_. to_e! tTa:_;,ni_,:[,_,,_

capability for larger increases in the probability of 6;_._],_e

Curves a, b, and c on these plots and or_ ti:c t :Die reor,_,sc;',t _i_<_ s " _-:

systems and have the minimum requirements in ter_s c,f _:_tehna 'Joint:hi'

requirements. However, System e requ_'res r_he .J_c [!_e _ _ "-._ ,,>: 'i_'-:

at the DSIF for the reception of data '_ur;r_ i_t_';c_,p_ _'_s,-'d ,,_ : :,"

latest DSIF development schedule rjPL, Ig(4 " th,_ :,n!v ,:']_l-.f_,ot<I ,::

presently authorized to be b_ilt is the one aL C'.]d_to_._ .\.'te.:_:r_ a_

Canberra and Madrid have been proposed. If {,nl': t_,-' Hit::, _ C.,]_i:,- _-

is available at the time of the mission, t!:,r::ec,',v,'r_" :_' d._t_ _,i'

System e must be divided by three. Systems c and d pr,:,vide impco,r .

system operation as compared to Systems a a_d b respectively b_:;. _',_

less reliable due to the additional antenn_ _ _),_in_n;, r_,_,_ire;_:e :._,",_

the pencil-beam parabola.

4.3 POWER AMPLIFIERS

The choice of power amplifier today _s a IWT. Ti_s so! _, t_:_n s _.=_:

on proven reli,qbility and proven perforn:an_:e, e.g.. _f_i,::e::¢v, _a',',

and, ability to survive in a space env[ronmen_ E_,_ c':_._,-<-_'c':';st_,"s _,_

TWT's are well known and it has been demo_str:,,t_d t_',_:_t_'_s _:,_n i)e

built which will operate for more than one ,.,ear. T'.,__ _ _:<i-_um m_ssi{,n

lifetime, including post-intercept playback, _s 33 _' ,!_vs for Brooks (2)

The characteristics desired in the tube a,e ! isted below for two power

levels :
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R. F. Power Output

Frequency

Gain

Efficiency

Operational L_fe

Mean Time to Failure (HTTF)

Operating Temperature

Weight

230C_ Mc

20 ,t b m i n

7".37! u:fn.

;'.-" to _,) C

3" l" . r,:tx

,"5 "_:<tt ::

Z 70', .Y

"? .i

C,D{, Pa

O (i " " "

TWT characteristics and failure m_des have: !,.._en :_nal,.:" I _i, _ ,.

beginning with the well-known Bell Labs w.'rl< i_,_sed :_ ,_ s, ,_:,,_ <.. .

tinued studies, highly reliable tubes wit!_ _'i:.'_F ,! 5_, '_!'_ ::,:-,,i_: :.,

being produced. The limiting factor in t}',' life o¢ t'.:,, t.;::e c--_ -,: •

to be.the cathode. Watkins-Johnson has !men working ..,_ _!J_s _:.'i,_<:-,

and now claims a tube with a predicted MTTF ,:f 5',; _^u , :_,-,u:,:

Table 4-5 is a list of the more promisJn;t t_tbc, s .1..,,I i..i !_

and 20-watt range. 'lGnree types of t,.:bes ,_ro ;i'-,!e::: i-v!'. :,._ p

Klysrlron. There are, of course, magnet_ons --m,i .,! , ,:. r:. ,:,,: _,..

the state-of-the-art of these devices .'n _Ii<.{,5[_, ..... ,.:,,;,- ..:_

inadequate. It is realized that a Sier,_.n5 :.ri,,:o , _:_ . ..!i -

being flown on tim Mariner-C; however, the NTT[ ,._f t.!_. ,'_ ......

6000 hours which is quite poor compared to what _n '_ ,"_ : :i w

7-,

The Litton Industries K1vstron appears tc be :_:>.q,at_: ,n <_': :s - .

Imristics; however, it is inferior to both th_ Amp.', itrons npd the _V]"s

listed. At present, it is a development: ite_ ::'_:- back::i, f.:_r ei_, A_:_ ,i..

TWT. Testing and evaluation _.re in pr.,cess. The ,'m_ s_: _, i_ i,,. ..:,- : _,.

mind for future application. The lVavth,'rm _,np! ftt<>ns _:_t,sL at I.},,,._ : ¢

I:)H I LCQ
•_. _._._,_._._ "
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be considered in the same light, i.e., not fcr J_irmediate use. Althou_h

they compare favorably in every respect with the _T's, they have vet

to be demonstrated in flight. This will take place Jr, the near futu:e

since the QKS 1300 will be used on the Apollo Lunar Excursion Module

and the QKS 1200 on the Nimbus satellite. The 'l_T's, o_; the ot!-el hand,

are proven devices and although the particular ,_nit may not have [!own

the technology is well established. The Hughes 294}I, for example, is

based on the same principles that led to the Syncom TWT which has

operated in orbit for over two years. The WJ-274 is a new tube but

developed on proven techniques as demonstrated by Watkins-Johnson's

previous units, e.g., the WJ-227-5.

Based on the above argument, the tubes selected at this t_me are tl_¢,

Hughes 249H for the lO-watt unit and the WJ-274 for the 25-watt unit.

If the WJ-274 is not available or encounters difficulties in its

qualification tests, the Hughes 394H is -cecommended.

There is one advantage to using Amplitrons. Fig,ire 4-L2 below s}_c,w_

a pair of Amplitrons connected In seri(-'s. T]_o c:;_sracterlstics _'

Amplitrons are such that, with the ,mJt t_:rned _ff an input siF.nal

appears at the output attenuated by a few tenths of a db. Ass;LInT:;; ,

lO-watt output for each unit in Figure 4-12 either can be t,lrned a:.

to provide the lO-watt output. This provides an overall sir'?l_.r :a_d

more reliable arrangement for switch[nK redundant power ampl;liers as

compared to what must be used with TWT's. In addition, the LnsertJon

of an isolator between the two Amplitrons permits s_m_l t_nr, ous opox-at ior:

thereby providing twice the power output. Witho,.t th, • is.nlator this

is not possible because reflections in the svst¢:m tend to cause

oscillations.

PH I I-CQ •
..... , _ ;,_ ¢_ _.,_ ....
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Power

Switch D.C. Input

Power

Supp ly

Power

Supply

Amp litton

Input

Fig. 4-12 Amplltron Powar Amplifier
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4-23

WDL DIVISION



l

r, -,, j ,,.f)L-, L236'

SECTION 5

SPACECRAFT ANTENNAS

5.1 LOW-GAIN ANTENNA

The requirements of the omni antenna can be defined by five p_r_mneters;

the cone angle, the clock angle, the gain required, t!_' _ol._rization

and whether it is to be used for receiving and/or transmitting. Circul,nr

polarization is recommended for both transmittinF and receiving. There

0is no advantage to using linear polarization. Ornnidirecti,_nal coveraF, e

is desired in order to be able to address the spacecraft regardless

of its orientation. In order to realize omn_ coverage, dun] icnte

receivinF, systems ,qs indicated below can be _Ised:

R = iverI

I Comparator
v

Output

Two antennas, each with hemispherical coverage, are used back

to back. In order to switch from one antenna to nnot!pr ,_ cr_r_p,q_,nt r

is used to compare the relative signal strengths seen by the two

receivers and select the better of the two. This system is less rel

and at least twice as expensive in terms of weight, p,-_wer, and size.

Its advantage is an increase in antenna gain and complete omnidirect

coverage. However, it will be shown that the c_verage _r_,.,ided b,, t '_e

Nariner-C antenna is adequate for a comet probe. It will ,_Iso be shown

that the only tim,, the 1ow-gai.n region of the .nntennn is aimed near the

Earth is durin_ the launch portion of the fliF_ht. During lat|ncl_ the

low space loss results in a high link margin.

_n a I
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The cone angle is def!ned as tile angle between th,, enrth-probe and nrobe-

sun lines as shown in Figure 5-1a. If the probe-sun line _s held fixed

and the probe-earth line is rotated about it at the fixed angle, _ cone

is generated. Let a plane be passed through tile cone perpendicular to

the probe-sun line. The intersection of the cone and the plane is

circle as shown in Figure 5-1b. Now label celestial north as On and

let the angle be measured clockwise. This is the clock angle. The

clock angle at any particular time is defined by the intersection of the

earth-probe line with the circle.

Figures 5-2, 5-3, and 5-4 nre the cone angle variations for Pons-Winnecke

Brooks (2) and Kopff. Figures 5-5, 5-6, ond 5-7 show the clock angle

for the corresponding comets. The coverage required varies fr_ one

c.omet to another, but is always satisfied by the _lar_ner-C omni charact-

ertstics. In order to show the effects on the power requirements ond

data rate capabilities, the angle characteristic variations must be

related to the range of the probe at an}' time. Figures 5-g, 5 -_ and

5-10 indicate range versus flight time and can be used w_th the sn_le

information to define the angle_ at any range.

5.1.1 Omni Antenna Design

PH I LCO.

The omni antenna is a body-fixed structure. If _t is _imed at the sun,

the clock angle plots in Figures 5-5, 5-6, and 5-7 indicate that _n

order to satisfy all c_met requirements, at least II0 _ coverage _way

from the sun line is required. Although the Mariner-C antenna satisfies

both of these requirements, it is too long to f:t within the Centaur

shroud. This means that it must be shortened. This will not effect

its operation in any way; and since it is not intended that the :_ntenna

be used as a mast on which to mount instruments, notbin_ is lost. The

present low-gain design consists of a waveguide-fed _nras_tic arrov, as

shown in Figure 5-11a.

0

5-2
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FIG. 5-1 Antenna Angles
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The feed for the waveguide Js a conical spiral at the op!_ns:te end.

This design hss two shortcomings. First, the' w,_.vegt,i(ie d_ar_cter i_,

too large, allowing the higher t_o(te to propaF_,ate _md t tu_s de,"reasin_

the transmission efficiency. Secoa,i a simpler feed str_,ct,,rr_ _:,*_ t:,

used to establish circular _olarization. A q,_arter-w,qw, plate ::_n be

used in the waveguide, as indic_tted in Fig_,re 5-1lb.

It is importnnt that the omni ,_.ntennn not- be blocked hv the_, s,_,_ec_afC

body nor by the solar Done]s in their st_wed t_osit{on. This will ir,s,,x<,

the roception of telemetry data should tlm p.gnels fail to dealer r_n

,:ommand. Hope f,xll }, the telemet1,, wi] ] provide th( reason f.,_ t:_,

fai]urc and g_lide 5n its c,::rrection in f_ltul-c: _'e[_i,.lcs

5.2 H[CIt-GA IN ,_,TJ,_,NA

5.2.1 Pointin}; Angle Char,'_cteristics

Two tvpes of antennas have been considered f_r i)ro-,{d;ng Lh, h _!,-_ i n

telemetry operation: a pen,_ [[ beam and _', fan beam. In eitia_r ,.'_s_. _ _:(,

_-ngle inf,:_rmation needed to defin_, the antennn cbar._-terlst!cs ,._:n ",,

provided in three ways. In both cases, two direct;<_n angles v: t;_ _,.sp,,: -t

to the Sun-probe line can be used. One p;_ir to use Is the c:li,,2 ;_:]71 _'l,_,,l<

angles as was used for tile omni antenna. I f q ._enci 1 -t):,u,, a_;tenn, {s

used, two-angle motion Js required. It a fan bt:qm {s used, tt:_, c,,t_t.-

angle requirement can be covered by the fan-bo_m widti_. The clock ;_nF.!e '

howev,:r, ,',_ust be implemented by a rotati,m of the fan be_m _bo,:t the

Sun-probe line, as shown in Figure 5-12:_.

Pl--i I LcQ

A second set of angles that can be used is the, cone angle qnd tI:e An eleA

as shown in Figure 5-12b. The Canopus roll reference is :_ reqs,,n,_b!c

reference for ,qiming the antenna. Figure 5-13 indicates the zeometrv

Angle B is defined as the angle between the Sun-probe and Canopus ! nes

Angle A is th(. difference between these two angles. P_cture _ne i_l:_ne

5-13
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Sun
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Cone angle coverage

provided by fan-beam

width.

Clock angle coverage

provided by rotstlon

about the probe- sun

line.

(a) Cone and Clock Angles

Probe

Sun

a:

b"

Cone angle coverage

provided by fan-beam

width.

Angle A coverage provided

by up and down motion of

antenna in a direction

perpendicular to the fan.

(b) Cone and Angle A
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FIG. 5-12 Antenna Pointing Angles
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containing the probe-Sun line and perpendicular to the Sun-probe-Canopus

plane. Picture a second plane containing the Earth-probe line and

perpendicular to the Earth-probe-Canopus plane. For small cone angles

(viz., 30 _) the angle A is very nearly the angle between these two

planes. This angle, therefore, must be the angular motion of the antenna

down from the Sun line in order to be aimed in a plane con_ininR the

Earth. This motion will occur in the Canopus-probe-Sun plane. Now, if

a pencil beam is rotated perpendicularly to the Canopus-probe-Sun plane

by an angle equal to the cone angle, the beam will be directed at the

Earth. It is realized that this is only approximately true. However

for the range of angles under consideration, it may be seen that the

approximations are adequate for arriving at a good definition of the

antenna_ointing requirements. Figures 5-14, 5-15, and 5-16 are plots

of angle A variation. Figure 5-12b indicates the antenna motion ,sin_

these angles.

As was shown in the telemetry system discussion, if a fan beam as brood

as the Mariner-C beam is used, it will cover the cone-angle variation

quite well in every case. The motion o! Angle A is more difficult to

compensate, especially in the case of Kopff and Brooks (2), Jf a very

narrow fan beam is used. Consider the Angle A for Kopff in Figure 5-;6.

If a fan beam derived from a 6-foot dish is used, its ] db points occur

at 3 ° . This requires that at least 3 fixed positions be provided _n

which the antenna can be aimed. A pencil beam has the same aiming

requirements as a fan beam in the Angle A direction. In this case, the

aiming requirements, as determined by the cone angle, require th:_t

aiming positions be provided every 3_ if a 6-foot dish Js used.

The third method of defining antenna requirements _nd the method that

must be used in order to define the exact requirements also utilizes

the cone angle. The second angle is an ane]e away from s plane contain-

ing the probe-Sun line and the 90 clock angle line and in s dire_ti_n

5-16
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perpendicL_lar to it. In order to define this ;_nF_le exactly, it cannot

be calculated as was Angle A, but must be calcul;_ted _-,sshown in

Figure 5-17. The clock angle minus 90_ _s shown as Anele a. B;_th _f

the lines 'I and 2 defining Angle a are pel'pend_cular to the, prc,be-Su,_

l_ne. Line _i defines the 90 _ clock angle. An_le b reDresnets the

clock angle motion of the Earth as seen from the probe. If '3 is defined

as the perpendicular to I from the Earth, the re1,1t_onships ind_c_ted

on Figure 5-18 follow.

Pl-.I I LCO.
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£S = _ sin a = r sin b

b = sin _ s in a i
r

= r sin (c)

-_ i sin c sin a i
Therefore b n sin

r = probe-Earth range

c = cone angle

FIG. 5-17 Angle b Derivation
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SECTION 6

MICROELECTRONICS

6.1 APPLICATION TO COMET PROBE

The following Comet Probe subsystems are charactexized bv t_e re1,_t

ease in which that can be totally or partially {m_]e_:ente! v.tilizin:

microelectronic techniques:

i. Command Detector

2. Command Decoder

3. Central Computer and Sequencer

4. Data Encoder

5. TV Subsystem Picture Data and Control Chann,_is

Othe°r Comet Probe equipments such as th:_se related t_ c'_;,-,_n:!_'_'_-_-:_._;'.

power generation and distribut-on do net l_nd t_,.._-._,se'.._s '. _- _

implemented with microe]ectronJcs if the per_nd IC67-! _7 _. _s _',m.si_-re,'..

One particular subsystem, the comm_nd detector, will he !:_,',_._sed _

length and will serve to demonstrate the aTplic_bil_t ,, ,r _.:,c-_cl=

to a system that is characterized by both digit_] 7nd -,ualc-_ cl,-c_ _

operating at moderate speeds.

6.2 COMMAND DETECTOR

The Command Detector Block Diagram is si_own ,', Fi_',l:__ :'-i

is characterized by the followinF- features:

Tl:le 9cs_ ::

.

,

The amount of digital circu it,., is a_Dr_,xi_:,tvl'." e;_,_;_l t;; the

amount of analog circuitr 7.

The digital circuitry swizc,:i_:g speed requJre.--e'_t is \er_

_,_oderate and is on the order of a kilocycle ;=r I ,.¢s.

6-I
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3. The analog circuitry has a considerab]e t_m_mt oi :_::c,_racv

required. In several of the circuits, DC re_:p,_=.:,ts :_r-

essential to successful operation. This fc)r_,,;!,'es t!_e n._e__

for low DC drifts.

4. In some areas, such as the bandposs filter,'; st:-i_l_ DC , ,rT-,-._,,,.t:;

are required.

5. Reliability is of paramount importanco.

6. Power consumption should be as ]ow as p'_ss;b]e.

The most applicable area which can be i.?le_,_:nted _::! ....i:'.,..!ert'rr';_ , ',

is the digital circuitry. Utilizing microclectroni,'_, r_.c, f,,;lc_.;i_7

advantaRes are immediately realized:

I .

°

Approximately 50% of the origSn:_l we.i_ht. ,'_,l,Imc :md _.:v, r :,_

reduced by approximately 90%.

Reliability is increased if reli;_hle dSf:iral c rcuit elL:-,_::'_

are utilized.

Characteristics 2, 5, and 6 >revio,.;s_-,,, .... l{_t,_,d .',¢_ i.7,__ t:_ :-,-. , _, _:.:,

of the compatible logic family that siv.>-_! ] hc ,:!-_!z_.i ': .'_..:;," _--: ,: ,_'.

logic families can simultaneously mee_. t.h¢__se rcq:,:,_,r.¢_ _. ,.!. .*.: '.

examples are the Texas Inst_um_'nt }l_t,,uten:,_r_ _;(?:_.',,;ks :,r,. a '., _ ::: ':_ " '

Milliwatt Logic circuits.

The e,_se w_rh which the different an_qlo_:'. _r,.'u, t.:. " > , ..... c,;', ".t._:: _;'

microelectronics varies from easy to ba_, depen:!i_'. ,-,..: _ ",:t '_,

circuit. For example, circuits are now ¢_,,:ail;_,bl.e i':_._ :._:_ "_:t-(.,-.! . .,.-_

used for the buffer. On the other ahnd, t,_e cn,_p,:,,e:::_. *-eq_;_red :._ r ....

the frequenc? characteristics of the bg, nd-p.qs'.: ' '_ r> _r_ w_ : "_'_ _ I

at present.

I:)l-li I LCO

The rec_mnendat_nn is not to '.rv t_ !..:,':,--_:t _,_ t,,r,,' ,r_.,l _ [_ . ,:

with micre_plc:-tror_ics; r,_ther, only " _< t:,_t ,,ul? ' ip],,>,_:_,_} _,,

present, well-proven teebnJq,-es tL:t [r_,'.-_d;e tel _-:. ',itv -_, "'.r:, :5:"s
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should be attempted. Considering both the requirements of all the

Command Detector circuits and the present s_te-of-the-art one wo, ld

probably develop the followin_ chart:

>,

-,4

_ 0

oo _

• U _ 0

50?. I00%

Percent of Command Detector

Implemented by Hicroelectronics

The discontinuities in the three curves represent the point (5r,%) a_

which all digital circuits are implemented with m_croelectr,_n_,s wbil •

the analog circuits are still conventional components. The fa1_.-off

in the reliability curve (Curve 3) represents the fact that the tec_-

niques are progressively becoming more difficult, eventu_ilv ex_eed;n,_

the state-of-the-art at 100%. There would be a considerable _-e!;abJl:t,

advantage if many c_rcuits of the same type were uti_ ized in the anal_g

section. This advantage derives from the fact that _n a _ven ar:o,_n_

of time, more testing to determine reliability can be accomp!_shed for

a f_ew circuits than for many circuits.

Reviewing the analog requirements, it can 0e seen that essent'_]Iv only

one circuit can be utilized several times. This would be _qn !ntep_roted-

circuit amplifier (ICA) with the follow_ng parameters:

6-4
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(a) Differential input

(b) DC-coupled

(c) Offset referred to input < I0 m

(d) DC drift referred to input < I0 _v /_c

(e) Open-loop gain > 40 db

(f) Open-loop input impedance in the order of a few kilohms

(g) Open-loop output impedance on the order of a few hundred ohms

(h) Open-loop gain margin _n the order of I0 db.

Several available integrated-circuit amplifiers meet the maior_ty of

these requirements. One in particular, the Fairchild ,LA702 , appears

feasible. Others developed by Signetics and Motorola ma t, suffice.

The Cormmand Detector shown in Figure 6-1 has several types of analog

circuits, some of which are repeated:

Circuit No. Required

Band-Pass Filter 3

Limiter 2

Buffer 1

Chopper Multiplier 4

Loop Filter 1

VCO 1

Matched Filter 2

Each of these circuits is analyzed below in terms of its requirements

and possible microelectronic versions.

Estimated Weight,. Volume and Power

The following assumptions are made:

Pl-i I LCQ
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(a) The ICA is a TO-5 package.

(b) All thin-film networks are housed in TO-5 packages.

(c) All digital circuits are housed in small flat packages

approximately 0.25" x 0.25" x I/8".

With these assumptions Table 6-i has been formulated to summarize tt_e

number of microelectronic package types. Allowing circuitry for power

supply de-coupling, it is estimated that the entire Command Detector

can be housed in two-thirds of a standard JPL 6 x 5 x I chassis. The

resulting weight and volume are Iib and 22 cubic inches. Assuming

a power dissipation of 7 mw/digltal circuit and 40 Ln_/ICA, the t_)ta]

estimated power is 900 mw.

6.2.1 Input Buffer

The Input Buffer is shown in Figure 6-2. The buffer is the ICA w_tb
i

close to unity feedback which provides the required hi_n inp. t imped:,_e

and low output impedance. The thin-film resistor network is inc!_ided

to provide some gain if required. To protect the amplifer from _p_:t

fault voltages, the zener arrangement is included. The resistors c:_l

be in the order of kilohms and Reed not be extremely precis_. The

buffer end-to-end is non-inverting.

6.2.2 Limiter

The Limiter is shown in Figure 6-3. The overall Limiter _:an be conpr_sed

of a pre-limiter which is a saturating ICA and a post-l_miter that _,,:

be implemented wtih a combination of microelectromics and standard

components.

6.2.3 Band-Pass F_Iter

PH'I LCO.

The band-pass filter requirements are characterized by large Q, stability
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and a band-pass of several cycles• The center frequency is on the order

of a kilocycle or less. This filter can best be implemented by an act ve

filter that has frequency-independent gain in the forward path _nd a

twin'-tee circuit in the feedback path. This f!Iter is s}:,_wn in F;F':re a-l.

and 6-5. The Q is determined by the B feedback factor of the inner loop

Utilizing the ICA, the corresponding B is fixed bv the resistors :n t'_e

thin-film network. The stability and accuracv of the Q need not be ,:,_re

than a few percent. Hence, the requirements of the resistors is not

stringent. The center frequency of the f_Iter de_ends he,qv;lv (_n t.he

components within the twin-tee filter. The required acm_racy and dr_ft

of the components forb_d the use of microelectr,_nic c_n_ponents.

6.2.4 Chopper Multiplier

A m_croelectronic version of the chopper multiplier is shown in Fig,_re _.-_-

The ICA provides the complement of the input s_gnal. The two chopner

circuits select either Ein or -Ein for the output (the unselected cor_

ponent is shorted to ground). The selection ;s controlled by fs and its

complement thus producing the signal "Ein x fs" This type of _-u]tiplier

suffers an amplitude loss. However and additional ICA can be used to

compensate for this loss.

6.2.5 Matched Filter

The mJcroelectronic matched filter is shown in F_,uro 6-7 Inte_rat_n

is provided by the RC circuit which has a long time ¢_mstant compared

to the bit period. Dumping of the capacitor residue at the end of a

bit period is accomp]ished by the chooper transistor. Sensing of the

capacitor voltage is accomplished by the ICA which saturates at a pre-

determined value of input voltage. The indicated method of _ating the

6-9
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ICA ,)utput into the data fl_p-f]op and the dumpinF, o! _._:):_it,_: "._I'

eliminates the need for monostables whicl_ are s_scer)t;ble to no{so. ] _

state ,)f the PN generator just prior to bit sync is d(_tecteci nnd st_,,._,_!

by AND i The output of this circuit sets the f_ ip-flop <_ tl_e st _

deter,nin,,d b,, the ICA output. The bit svne, whicl_ ._<<_ _s _:s_ _{!-t_':

the fl {p-flop is triggered, is generated by AND 2. T!_;s siFnnl p';,, d..s

ti_c drive to the chopper w}_{c]L dumps th capac tor.

6.2. f) Loop Filter

The loop filter is essentially the l<)l]owing c

RA
E _---
in @, _ Eout

C

Th(_ it,loafer funct i,-_n _s

iJ,)_it

_<in

SRBC+ I

S R -' -
(_ A _['B) C+l

1 c_li t :

T]_e product I{AC is an excepti_nal]_, long time constant, k. c,_nn_)t c.

_nade _.s lar<e as is necessary sin(e it :oust _ncl_)de t!_c. npvt res{s_on<<.

of the loop filter-. The va]ue of C ;s l:imited b.- c_,,ac{t;)r l_,nk_}<o.

In order to ach]'e_,e a or,)duct wit:_out the t_se of a la_K_ _!_vs{c.'_] c-nga-

ito:', t_e technique of (:apac-'to-,_ulti,_licati n _s s_{_;i-r'sL?d. "', s

circ_ t _'s shown in Figures 6-q and _,- .

6-13
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6.2.7 VCO

It is quite probable that the VCO can be built utilizing both micr,_-

electronics and conventional components.

6.2.8 PN-Generator and Logic Section

All the digital circuit requirements can be met by the four integrated

circuits shown in Figures 6-10, 6-11, 6-12, and 6-13. These circuits

were not meant to represent a specific family oF existing circuits.

However, some existing ctrcuits are very similiar to those shown.

Utilizing integrated circuits, as possible configurations of the PN

generator and logic section are shown in Figures 6-14 ,qnd _-15.

6.3 DATA ENCODER

These areas, primarily digital, which can be 5mp!emented with mic;o-

electronics, are listed below:

I. Pseudo-noise generators

2. Timing for the A/D converters

3. Timing for the time division multiplexing format

4. Rate generator

5. Miscellaneous digital circuits

The conRersion of these areas to microelectronics is qu!te significant

since they represent a large percentage oF the Data Encoder. Philco

WDL as well as other companies have developed Analog-to-Digital convcrL_r

almost entirely with microelectronics. Hence a micr_electFonic A/D

converter is quite feasible for the Data Encoder. A large _ortion

6-15
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of the Data Encoder is required for the multiplexing gates (analog

switches). Recently Texas Instrument announced the availability of

an integrated-clrcult gate that could perfomn the multiplexing gate

function. At present time IBM is developing an analog gate switch

for the Telecommunication Group at JPL. As in the C_mmand Detector,

it may be quite feasible to employ an Integrated Circui_ Differentia1

Amplifier to implement various analog functions of the Data Encoder.

6.4 CKNTRAL COMPUTER AND SEQUENCER

Since the CC & S is primarily digital, it is feasible to implement

nearly the entire system with microelectronics. An exception is the

output controls which require transfer re]ays. The log_c cira,;its

required to implement the CC & S design have two outstandin_ req,_ir_ents:

good noise rejection and low power. The good noise rejection is important

since it is extremely important not to perturb the contents of tbe several

registers which control the CC & S events, Low power is necessa_v _ec_se

of the larger volume of circuitry required. Because of the slow d_t_,

rates within the CC & S, Jt is feasible to emp]oy circuits w_th very low-.

speed switching properties since these circuits would have lower Dow_

dissipation than similar faster circuits.

6.5 COMMAND DECODER

The Cor_aand Decoder, like the CC & S, is characterized L_ a large portion

of digital circuits which can be implemented using m_cr:_electronic tech-

niques. Those output commands which require a "flo_t_ng control" at,

not suitable to microelectronics and hence should be implemented with

standard techniques.

6-20
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6.6 TV SUBSYSTEM PICTURE DATA AND CONTROL CHANNELS

Three areas can be readily implemented with microelectronics:

(I) Programmer Matrix; (2) Accumulator; (3) Shift Register.

Standard integrated circuits are presently available.

PH I I.CO
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SECTION 7

TELEVISION

7.1 ENCOUNTER REQUIREMENTS

The feasibility of using Mariner-C or Advanced Mariner television sub-

systems for observing the nucleus during intercept has been determined

on the basis of comet illuminance and TV sensitivity.

7.1.1 Comet llluminance

The illuminance and angular subtense of the 3-sigma width for the nuclear

condensation are shown as Figures 7-1 and 7-2 for Pons-Winnecke, based

on the brightness model described in Volumes 2 and 5 rCunningham, ]9_4 _

Assuming for simplicity that the nuclear condensation is a uniformly

bright source of brightness equal to the peak value, the source is also

considered to be a square with sides equal to twice the 3_-value of the

brightness distribution. For these assumptions Figure 7-1 represents

the angular subtense of the assumed source, and the curve representenB

peak illumination can be used as the illumination from tl_e assumed

uniform source. As the spacecraft approaches the comet, the illuminatl-n

will increase. In fact,

I = I (d_/d 2) (7-!)
O

where

d = Reference distance
O

I = Illumination at d =
O O

d = Actual distance (A.U.)

= 1 A.U.

I0-13 )28.2 X lumen/(cm2)/(m_n of arc

01 = Illumination at d

7-I
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The receiving optical system has a fixed field of view. Assuming that

the angular subtense of the source is always equal to or greater than

the field of view of the system, the surface area from which the system

receives light decreases as the source is approached. Consequently,

the total illuminance into the optics is a constant.

7.2 MARINER-C TV

Mariner-C TV characteristics are summarized below:

TV Picture lines : 200

elements : 200

resolution : 2.5 km @ lq,000 km range

kell factor : 0.7

Detector 0.0075 ft-candle-second at threshold S/N

(filter losses not included)

Optics F/8 Cassegrain mirror system

focal length (f):

shutter time

field of view :

12 inches

set at 0.25 sec

(variable 0.I to 0.5 sec)

1.05 by 1.05 deg. square

The flux density on the detector is

E

whe re

= _ I Q @ D2T- (lumens/cm 2)x y 2
L

a illuminance, (lumens/cm2/min 2)

(7-2)

PH ! LCC 
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_x 'Oy

• D

- field-of-view angles = 63 min. of arc

f 12
= diameter of entrance pupil = F - 8 in = 3.8 cm

T = transmission efficiency of optics = 0.75

L = detector width (square detector) = 1.12 cm

Substituting,

2
' E = 2.21 x 10 -8 lumen/cm .

The sensitivity of the Mariner-C TV system is 0.0075 it-candle-second

with a shutter speed of 0.25 seconds or 0.03 it-candle. Convert_n_

-5 2
to flux density, the sensitivity is 3.33 x I0 lumen/cm

7.3 ADVANCED MARINER TV

Advanced Mariner TV characteristics are summarized below:

TV Picture lines : 400

elements : 400

resolution : I km at I0,000 kr_ ravage

kell factor : 0.7

Detector 0.0075 it-candle-second/at threshold

Optics High-resolution system.

F/5.1

focal length

shutter time

field of view:

I00 cm

40 millisec

1.51 x 1.51 deg. square

For these characteristics, the flux density is 1.21 x 10 -6 lumen/cm 2.

PH I LCQ
.... __

7-5

t

WDL DIVISION



i4DL-']" b:2 "3h,'

As can be seen, the sensitivity of the Mariner-C system _s three orders

of magnitude greater than the illuminance of the c,omet nuclear conden-

sation. The Advanced Mariner system is only one order of magnit_de

"greater. Since its operating range of brightness levels is of the order

of I00 to I and its shutter speed is set so high, the Advanced Mariner

system could be used for viewing the comet.

I: H I LCQ
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SECIION 8

CONCLUS IONS AND RECOF_!EN [)AT [ON S

8.1 CONCLUSIONS

Although Mar_ner-C hardware was cmsidered _s n starti_ig point,

several changes have been suggested where needed or wh,:_o a ,,_vk_,d

improvement or advantage would result. Ex3mplcs of this arc

I. The use of a 25-watt amplifier to provide a _ighcr transmisslon

rate.

° The use of a low-noise re-a_:plif!er to pro,,ide not only a bc,tter

command link margin but a more reliable system, since switching: )f

antennas to the command receiver is not required. In addition,

the system becomes independent of the Goldstene iI)O kw transmitter

since the system can now operate with the |0 kw transmitter at

any station.

. The recommendation to consider seriously th_ _ use of microl._JL

elements particularly in d_gita! c_rcuits. Alth:_uvh the

conmlunication system can be _:_ade without them, th_.v will

undoubtedly be used in the future in systems wit): v,reater

requirements in terms ofquantit_es of hardware a_d _e!iabi]itv.

Based on the study as summarized above, a _otentiallv more reliable

system than the Mariner 1964 design has been recommended for t!_e Cor,et

Probe consistent with 1970-1975 Spacecraft Technolo_,,y.

iml.-i i Leo
._, .:,_K_II_ _
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8.2 RECOMMENDAT IONS

Based on a consideration of future needs several areas are

recommended for further study.

Section 6 and Appendix B detail the merits of using micrologic elements

as opposed to discrete components in buildin_ both d_gctal and analog

circuits. New packaging techniques are discussed in nartic,lar for

the S-band transponder. Reliability, weight, power and size will

continue to place increasing requirements on the hardware. It is felt

that the techniques discussed will help considerably in satisfying

thes_ demands.

Television is discussed in Section 7 to the extent of showing the

characterist¢cs required. It is suggested that before a science

television system be included a more detailed analysis and comparision

be made between the requirements and data collected by TV as compared

to other instruments directed at the nucleus.

As space vehicles continue to probe deeper into space, it is becomin9,

increasingly difficult to communicate the data required back to the

E_rth. Transmitter power is always limited by power generating capability

antenna size _s limited by shroud dimensions and pointin_ accurarv,

modulation efficiency is limited by the state of the art in h_rdware-

implemented modulation techniques. Power generation equipment is discussed

in Section 4. Active antenna pointing techniques were not found necessarv

for this study and therefore were not analysed. This w_ll not be tl_e case

in all future systems. Coding techniques and detection of data by words

rather than on a bit-by-bit basis must be looked into for increases in

data transmission. Finally, a better technique of distributing the

power between data and carrier must be found in order not to have

excessive margins in the carrier tracking loop compared to the data link.

8-2 !
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APPENDIX A

TELECOMMUNICATION SYSTEM ANASYSIS

A.I INTRODUCTION

The analysis performed in this section derives the transmitter power

requirements for the various links. In addition, the link capability

(operating range, information capacity) is derived for several different

system configurations.

P
t

AP t =

BP t =

Gtv =

G =
rv

Gts =

G =
rs

Table A-I List of Symools Used

= Total power available whether at the ground transmitter or

vehicle transmitter as applicable to the particular situation

Power in the carrier

Power in the modulation

Transmitting antenna gain on the vehicle

Receiving antenna gain on the vehicle

Transmitting antenna gain on the surface

Receiving antenna gain on the surface

N = Total noise power, dbw

B

N/B =

F =

ST

N-/g"--

System bandwidth, cps

Noise density, dbw/cps

Receiver noise figure

Signal Energy Per Bit

Noise Density

Rb = Transmitted bit rate

A-I
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L = Space loss in dbw
s

= 37.8 + 20 lg (freq-mcps)

+ 20 Ig (distance-naut. miles) (A-I)

L = Losses in ground equipment
g

L = Losses in vehicle equipment
v

BL = Phased-locked-loop noise bandwidth

BLo = Phased-locked-loop threshold noise bandwidth

= Limiter suppression factor

= Limiter output under conditions of noise

Limiter output under no noise conditions

= Limiter suppression factor at some specified S/N
o

condition at limiter input specified as threshold.

(_) = Signal to noise ratio assuming a bandwidth of 2B
"2B

T = Effective surface system temperature at output terminals
se

of the antenna

T' = Vehicle antenna temperature
v

T = Effective vehicle system temperature at output

ve terminals of the receiving antenna

M = Link margin

0

A.2 Comaand Link

Ptl = I0 kw, or 40 dbw

Pt2 = I00 kw, or 50 dbw

Gta I = 51.5 +_ 1.0 db for the 85 foot dish at 2115 Mc

=05( -0"0 )Lg " +0.3

L : The effects of this loss will be included in the calculation
v

of N/B below.
A-2
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A.2.1 Effective System Noise Temperature

Receiver _ Detector 1

•, + (Lv -i) T + (F-l) L TTse Ts o v o

+ T (FLy-I)= TS O

Assume T = ---.50°K
s

Assume L ffi 0.9 db
v

T = 50 + 290 (1.23F-I), °K
se

(A-2)

N = KT = -228.6 + I0 ig T dbw/cps (A-3)
B se se'

These two expressions are plotted in Figure A-I for the possible

range of noise figure values.

A.2.2 Carrier Power Requirements

The carrier power required can be established from the receiver

phase-locked-loop characteristics. The calculations will be performed in

terms of a modified form of the radar range equation. Expressed in db,

it becomes

APts + Gts + Grv BL B
- Lg - L s M S + 2BL + N (A-4)

-- S/N required in receiver phase-locked-loop bandwidth of 2BL,

This will be assumed 6 db, in which case the rms phase error will

be 0.5 radian and the loop will remain in lock 99.7% of the time.

*This is an estimate based on antenna temperatures by Giddis [1963].

A-3
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2BL - Phase-locked-loop noise bandwidth at specified conditions.

Threshold loop bandwidth equals 20 cps.

Since loop gain and therefore loop bandwidth increases with input

S/N, a different bandwidth other than the 2BLo specified at threshold

must be used. The increase in bandwidth will occur in a suppressed manner

due to the bandpass llmlter.

The effect can be calculated as a function of the limiter suppression

factor _/_o' given by:

; N
1+4- ( _')o

o' = 'rr
N

% +4_ (g)
(A-5)

where (5 = threshold N in predetection bandwidth
O

N N
-- = - at operating conditions specified in predection bandwidth
S S

For 6 db S/N in the loop we obtain

S/N =
(S/N)O = 4, from which we obtain

o T? o

The operating bandwidth can tken be found from

2BLo _._..) =
2BL = _ (i + 2

o

33.3 cps or 15.2 db-cps (A-6)

For the derivation of these expressions see Martin [1962].

A-5
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Let L s = 37.8 + 20 log fMc + 20 Ig d (nautical miles)

or L = 223.5 + 20 Ig d (millions of miles)
S

for f = 2115 Mc.

The required transmitter power and vehicle antenna gain can now be

determined. Inserting the constants,Equation (A-4) becomes:

+0 0)+ 51.5 (+ I) + G - 0.5 " - 223 5APt s - rv -0 3 "

N

- 6 + 15.2 + _ , d in millions of miles

-- (-I'0) + 20 Ig dAPts + Grv = NB + M + 193.7 +1.3

20 Id d M

(A-7)

For a link margin, M, of 2db Equation (A-7) is plotted on Figure A-2

for the following conditions:

Curve a, F = 4 db, G = - 6 db
rv

Curve b, F = il db, G = - 6 db
rv

A.2.3 Command Link Modulation Power Requirements

The data rate for the JPL standard command system is I bps.

range equation for this case becomes,

The

BPts + Gts + G - L - Lrv g s

ST N (A-8)
- M = N-_ + Rb + g

Assuming the use of PN synchronized PSK/PM and inserting the con-

stants, the general expression above becomes:

* For Rb = i bps and P = 10 -6 the sync loop power requirements
e ST

predominate and theoretically N/B - 13.5 db is required in a 1 cps

bandwidth. However, based on the JPL Mariner-C specification MC-4-310A

ST
an _-_ = 15.7 db must be provided to insure the performance characteristics

therein defined.

A-6
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+ 51.5 (+I) + G - 0.5 ,+o _[ _.0] _ 223.5 20 lg d - 2
BPts -- rv \ul- .3

= 15.7_ I) + 0 + N/B

(A-9)

For a link margin of 2 db Equation (A-9) is plotted on Figure A-2

for the following conditions,

Curve c, F ffi 4 db, G = -6 db
rv

Curve d, F = II db, G = -6 db
rv

A.2.4 PN Ran_in _ System Power Requirements

+ + G L - L - M = (S_ + 2BL + N
RPts Gts rv g s BI B

(A-tO)

Assuming 12 db S/N required in a l-cycle loop bandwidth this

becomes,

= 0.5 (+0:5) - 223.5 - 20 lg d 2RPts + 51.5 (+_I.0) +Cry

= 12+0+ N-
B

RPts 186.5 +1.3 " Grv

N (A-11)+ "" + 20 lg d
B

As may be seen, this differs from Equation (8) by 1.5 db. Curves

e and f of Figure A-2 represent Equation (A-II) as follows:

Curve e, F = 4 db, G = -6 db
rv

Curve f, F = I1 db, G = -6 db
rv

PH ILCO-
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A.2.5 Total System Power Requirements

From the above equations, it is seen that

APts: BPts: RPts = 8.5: 1.41:1

For F = 4 db it can be seen that a d = 3.3 A.U., or 270 x 106 miles

APts = I00 kw

BP = 16.6 kw
ts

RPts 11.8 kw

P = 128.4 kw
ts

The DSIF has both a lOkw and a lOOkw transmitter available For

these two values of total power the operating ranges become:

Pt = = 7.8 kw, d = 0.9 AUI0 kw, APts

Pt = I00 kw, APts 78 kw, d 2.9 AU

This is summarized below including the case of F = ii db.

Pt F Maximum Ranse

i0 kw

I00 kw

4 db

II db

4 db

ii db

0.9 AU, 74 x 106 miles

.36 AU, 30 x 106 miles

2.9 AU,240 x 106 miles

I.I AU, 93 x 106 miles

A.3 T_TRY LINK

The power requirements for the telemetry link can be calculated.

this link the system constants are as follows:

For

A-9
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Gtv I "

G

rs2

L +L =
v g

26.4 db, 4-foot dish within the Agena shroud

30.3 db, 6-foot dish within the Centaur shroud

.o
&

61.0 db, 2tO-foot dish at 2295 Mc

line losses + polarization losses + tracking losses

= 2 db (+l) assumed• I db each in the vehicle and on

the ground.

37.8 + 20 Ig fMc + 20 Ig d (nautical miles)

= 224.24 + 20 ig d (millions of miles)

2 db

= KT I = 228.6 + lO Ig 50

= -211 6 dbw (+0.4
b_

• -0.2 )' this assumes the use of the Maser preamplifier•

= KT 2 = -228.6 + I0 Ig 250

+0.8), assumes the use of the parametric= -204.6 dbw -I.O this

amplifier.

L u

s

A.3.1 Carrier Power Requirements

Using Equation (A-4) and assuming the use of the 85-foot dish we

obtain,

APts + Gtv + G - Lrs g Si + 2BL + N
e - L -M= _BL
v s B

(A-4)

AP
ts (+_.0 \+ 53•0 2(+1)+ Gtv - .5 _ - --

= 6+ 2BL+NB

224.24 - 20 Ig d - 2

= (-2"0_+ 2BL + NAPts 181.24 +1.5 Gtv + 20 ig d

PHILCQ "
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2BLo

2B L

APts

= 12 cps, at (NIBL=_"

(A-6) ,we obtain

= 20 cps or 13 db-cps.

(-2.0)+ N + 20 ig d= 194.24 +1.5 B - Gtv

6 db andtby using Equations (A-5) and

(A-12)

Equation (ii) is plotted on Figure A-3 for the following conditions:

Curve (a), 4 foot dish on the vehicle and 250°K surface equivalent

system temperature.

Curve (b), 4 foot dish and 50°K t_mperature.

For the case of the six-foot dish the required power drops by 3.9

db at any particular range.

A.3.2 Ran_ing Power Requirements

RPts + Gtv + Grs- Lg- L - L - M =(S) + 2BL + N
v s NZ BL B

RPts + Gtv + 53.0(+i0:°) 2(_I) 224.24 20 Ig d - 2

(A-IO)

= 12+o+_
B

. (-2.o)+ + 20lg dRPts 187.24 +1.5 B - Gtv

0

Since Equation (A-13) is identical to Equation (A-IO) minus 7db, i.e.,

RPts = APts - 7 db, curves (a) and (b) of Figure A-2 can be interpreted as

RPts + 7 db. For the case of the six foot antenna, the required power

drops by 3.9 db at any point.

Tables A-2 and A-3 present a comparison of the various system

configurations both in terms of operating range and bit rate for various

configurations.

A-If
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T_ble A-2 Command Link Capabilities

WDI, - TR2 3 6 6

Receiver Vehicle

Transmitter Noise Figure Antenna Gain Range

(dbw) (db) (db) (millions of miles) A.U.

-6 35 0.42

ii
0 70 0.85

40 "

-6 i00 i. 2
4

0 200 2.4

-6 106 1.3
II

0 212 2.6

50
0

4
-6

0

207

414

A-13
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A.3.3 Telemetry Modulation Power Requirements

Rather than calculate the required power for a particular bit rate,
0

a particular power will be assumed and the recoverable bit rate for all

distances will be determined. Two transmitter power outputs will be

assumed Ptvl = IO watts and Pry2 = 25 watts. Assuming a maximum of 3 db

of the power transmftable as modulation, the modulation power becomes

BPtl = 5 watts, or 7 dbw, and BPt2 = 12.5 watts or ii dbw. Equation (A-8)

is used as follows:

+ =G L -L -L
BPt Gtv rs g v s

ST N

-M = N-_ + Rb + (a-8)

The bit error is assumed to be P
e

including hardware inefficiency.

ST
= 10 .3, for which = 8.2 db

+i .0)BP t + Gtv + 53.0 -0.5 - 2(+_1) = 224.24 - 20 ig d 2

8.2 + Rb +N B

= (+2.0) + Bp t + N 20 Ig d (A-14)Rb -183.44 -1.5 Gtv - B -

Equation (A-14) is plotted on Figure A-3 for the following conditions:

N

Gtv = _ =Curve c: BP t = 7 dbw, 26.4 db, B

Curve d:
N

BP t = 7 dbw, Gtv 26.4 db, B

211.6( +0.4 )-0.3

If the slx-foot antenna had been assumed the achievable Rb would in-

crease by 3.9 db for both curves. If a 25-watt amplifier were assumed the

Rb would increase by 4 db for both curves.

This distribution of the power provides the most efficient utilization of

total power if 3 db of the power are required for the carrier. If the

carrier does not require this much power, more power can be made available

to the modulation although the overall efficiency of power utilization

will drop. For a detail discussion of this, see Martin [1962] and

Giacolleto [1947].
A-15
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APPENDIX B

MICROELECTRONICS

B. 1 ADVANTAGES OF MICROELECTRONICS

Microelectronics can offer the following advantages:

I. Reduction of Weight

2. Reduction of Volume

3. Increased Reliability

4. Reduction of Costs

B.I.I Weight and Volume

The reasons for the reduction of weight and volume are quite evident.

For digital systems reduction of weight and volumes up to 80% can be

achieved.

B.I.2 Reliability

The increase in reliability _s especially notable for digital circuits.

Within the recent months excellent reporting on device reliability has

been offered by the different companies making integrated circuits.

It has been said that the reliability of the complete circuit (flip-flop,

and gate, etc.) can eventually approach the reliability of a single

transistor.

B.I.3 Costs

The possible reduction of costs associated with microelectronics is not

so evident. The continued reduction of device cost is certainly a factor.

IPHi LCO
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D
Another large factor is the reduction of design and testing costs since

the purchased device is usually a complete circuit. Also a factor that

will eventually contribute to a lower cost in the manpower savings in

the fabrication (packaginR) area. This is primarily due to the fact

that the fabrication on the circuit level is eliminated.

B.2 MICROELECTRONIC TYPES

B.2.1 Microelectronlc Circuit Types

The different sets of terminology and definitions associated with micro-

electronics are, th the best, no less than the number of participating

companies in the microelectronic field. However, regardless of manufact-

urers and customers terminology and defintions of microelectronics, a

general classification of microelectronic circuit types can be made.

This results in the following three subsets of microelectronic circuit

types.

I. Micromodule Circuits

2. Thin Film Circuits

3. Integrated Solid Silicon Circuits

Hlcromodule Circuits

Ultra small but discrete components interconnected by any of a number of

methods (wires, thin films, conductive cement, etc.) and packaged _n

extremely small modules. This is an extension of past techniques and

should not be unfamiliar to the reader.

Thin Film Circuits

Circuits on an unactive substrate where the passive thin film elements

(R,'C, L) are produced by such electrochemical processes as vacuum

PH'I Lco
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deposition, photoengraving, anodlzatlon, and evaporation. The active

elements are discrete and deposited, usually being built up on a silicon

substrate.

Integrated Solid Silicon Circuitry

Circuits on a silicon substrate where both passive and active elements

are formed by photoengraving, diffusion, evaporation, and alloying of

selected regions of the silicon crystal.

B.2.2 Merits of Different Hicroelectronic Circuit Types

In an'effort to describe the relative merit of the three types of micro-

electronic circuits (micromodule, solid silicon, and thin film) the

following important parameters are utilized:

I. Circuit Flexibility

e. Circuit Performance

3. Reliability

4. Power Consumption

5. Size

6. Cos t

The order in which the parameters are listed is deliberate since each

parameter on the llst should be satisfactory before the next listed

parameter can be considered.

Circuit Flexibility

Hicromodule circuitry provides the most circuit flexibility. This is

obvious since lumped circuit parameters of any v_ue (active and passive)

can be used. Thln film circuitry although not having the flexibility

of micromodule circuitry certainly has more flexibility than solid

B-3
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silicon circuitry. Prime reasons for this are:

I. Thin film res_ tots and capacitors have a larger range of values

than solid silicon resistors and capacitors.

2. Thin film resistors and capacitors have tighter tolerances than

solid silicon resistors and capacitors.

Circuit Performance

Again with its choice of component values and tolerance micromodule

circuits have the best circuit performance. Since the thin film cir-

cuitry is more flexible than solid silicon, better circuit performance

should be obtained from thin film circuits.

Reliability

A carefully constructed solid silicon device should have better reliability

than either thin film or micromodule devices. Depending upon the con-

struction of the interconnect and bonding, the thin film devices should

have a better reliability than micromodule devices.

Power Consumption

Circuits that offer the best flexibility, component tolerances, and com-

ponent ranges should offer the lowest power consumption. Hence, we have

in order micromodule, thin film, and solid silicon.

Siz_._._e

By the nature of the basic constructions, the order of least s_ze is solid

silicon, thin film, and micromodrle. However, the average size difference

between solid silicon and thin film is relatively unimportant.

Cos__.__t

For small quantities of identical curcuits microelectronics is verv costly.

For the small lot, the solid silicon circuitry would be the most costly.

B-4

PHILCO" WDL DIVISION



WDI,--TR2366

Thin film circuitry on the average would be more costly for small lots

than would be micromodule circuitry. However, when the lot becomes

very l_rge, solid silicon would become the least costly, thin film

next, and then micromodule.

Digital circuits are usually produced as a standard compatible set

with widespread usage. This implies a large production which is

favorable to solid silicon from a coat factor. The flexibility of

component selection and tolerances of most digital circuits usually

is not a stringent problem. Reliability and size is an advantage of

solid silicon over both thin film and micromodule circuitry. Also,

the power consumption in the medium speed range for digital circuits

is not too different for the three types of microelectronic circuits.

Hence, the solid silicon position for digital circuits is very favorable.

For analog circuitry of large complexity and small production, micro-

module circuits have a decided advantage because of circuit flexibility

and circuit performance. For analog circuits of small complexity, the

reliability and size of thin film circuitry can make its usage advan-

tageous. Because of tolerance and restricted component ranges, it

appears that solid silicon circuitry must be restricted to extremely

uncomplicated circuitry.

B.2.3 Different Microelectrlc Types

The majority of the semiconductor companies are now marketing mlcro-

e_ectronlcs. The greater percentage of these devices are solid silicon

digital circuits. A partial llst of these companies and a description

of thelr devlces is given in Table B-I. Most of the logic circuits

fall into the following classes:
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Q
I. Resistor coupled logic (RTL)

2. Diode coupled logic (DTL)

3. Emitter coupled logic (ECL)

4. Transistor-Emltter coupled logic

WDI.-TR2366

'Many companies offer two or more of the above basic types. It appears,

however, that Diode Coupled logic is becoming the most widely used of

the four basic types. This type of logic is characterized by medium

power dissipation, good switching speed (on the order of 25-40 nano-

seconds which result in switching speeds of one to five megacycles),

and good noise immunity.

Emitter coupled log_c fabricated with small area transistors offer

tremendous speed advantages (rise and fall times could be as low as

15 nanoseconds). The primary reason for the speed is that the transistors

operate in the non-saturating mode. Examples of the various types of

logic are given below:

I. Resistor-coupled logic

2. Diode-coupled logic

3. Emitter-Coupled logic

4. Transistor-Emitter

Coupled logic

TI Series 51

Fairchild Microlog_c

Fairchild Millawatt lo_c

Signetics Series SE

Fairchild DTL Series

Motorola MECL Series

PSI PCG Ser_es

PH fLCO.
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